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(57) ABSTRACT 
An apparatus for electrically controlling the spark ad 
vance of selected cylinders of a multicylinder engine so 
that the spark of the selected cylinders is advanced 
beyond others of the cylinders. For example, the se 
lected cylinders may be advanced beyond normal oper 
ational advance to increase combustion chamber tem 
peratures and pressures for a relatively short period so 
as to clean the surfaces of the combustion chamber. The 
cylinders which are advanced are changed in sequence 
or at random so that all of the cylinders are cleaned. 
The system may also be used to control the spark ad 
vance of the cylinders to provide differing advances for 
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1. 

INTERNAL COMBUSTION ENGINE IGNITION 
SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of my copending appli 
cation for "Internal Combustion Engine Ignition Sys 
tem', Ser. No. 800,959, filed May 26, 1977, now U.S. 
Pat. No. 4,116,173, issued Sept. 26, 1978, which is a 
continuation of Ser. No. 572,167, filed Apr. 28, 1975, 
abandoned, which in turn is a division of Ser. No. 
336,559, filed Feb. 28, 1973, now U.S. Pat. No. 
3,903,856, issued Sept. 9, 1975. 
BACKGROUND AND SUMMARY OF THE 

INVENTION 

In recent years, scientists and the public generally 
have become more accutely aware of the injurious ef 
fects of air pollution, and additionally, the contribution 
of the exhaust emissions of internal combustion engines 
to air pollution. Consequently, legislation of increasing 
restrictiveness has been passed to limit the exhaust emis 
sions from automobiles. Although the automobile en 
gine manufacturers have attained a certain degree of 
success in meeting these exhaust emission restrictions, if 
has been found in tests that an automobile which has 
met the requirements at the time of manufacture, often 
may not meet the requirements after only a relatively 
short period of use. The expectancy that an automobile 
engine will meet the restrictive requirements diminishes 
with random, and often non-existent, maintenance ef 
forts by the owner. Clearly, laxity of owner mainte 
nance is in large part the result of the inconvenience 
connected with servicing of an automobile, prolonged 
waiting, and often, the deprivation of the use of the 
automobile. Without mandatory legislation regarding 
automobile maintenance, it is not expected that the 
maintenance efforts of automobile owners will signifi 
cantly improve in the future. Consequently, the prob 
lem of maintaining an automobile engine in a low emis 
sions condition after manufacture of the engine is a 
particularly perplexing one. 

It is known that hydrocarbon emissions from the 
exhaust of automobile engines are in part the result of 
the existance of crevices in the combustion chamber 
where gasoline, liquid and vapor may find refuge from 
the burning process so that they are released to the 
atmosphere during the exhaust stroke as unburned hy 
drocarbons. Internal combustion engines which are not 
properly maintained develop deposits in the combustion 
chamber which greatly increase the number and size of 
crevices. To a lesser extent, a properly maintained en 
gine will also develop deposits in the combustion cham 
ber which results in increased unburned hydrocarbons. 
The present invention provides a system for cleaning 

the combustion chambers to reduce the combustion 
chamber deposits in a manner which causes minimal, if 
any, inconvenience to the owner of the automobile, and 
which improves the operation of the engine so that the 
owner will be inclined to use the system. The system 
may be vehicle-mounted, and if desired, can be made 
automatic in operation so that no attention from the 
owner or user is required. Alternatively, an engine 
cleaning system according to the present invention can 
be adapted for use as a service station appliance, for 
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2 
example, by providing cooperating electrical fittings on 
the appliance and the automobile. 

In one form of this invention, the ignition timing of 
selected cylinders of a multi-cylinder automobile engine 
is electrically advanced beyond the ordinary operating 
advances, and preferably, to such a degree to change 
the selected cylinders from power producers to power 
absorbers. The severe advance of those cylinders results 
in especially high combustion chamber surface tempera 
tures and high detonation pressures which serve to burn 
and dislodge the combustion chamber deposits so that 
they are removed from the combustion chamber on the 
exhaust stroke. Since some of the cylinders operate as 
power absorbers, the throttle can be opened signifi 
cantly above idle position so as to contribute to the high 
temperature and detonation pressures in the pre-ignited 
cylinders. By virture of this feature, cleaning with ad 
vanced throttle opening can be accomplished with the 
transmission of the vehicle in neutral or disengaged 
from the engine without the use of a dynamometer or 
other power-absorbing device so that this system is 
especially adaptable to installation in the vehicle. Also, 
the period of operation is short so that the high tempera 
tures are limited to the combustion chamber surfaces 
whereby the underlying material is not damaged by 
overheating. The selected cylinders which are ad 
vanced are changed at random or in sequence, automat 
ically or manually, until all of the cylinders of the en 
gine have been cleaned. 

In one exemplary embodiment of a cleaning device of 
the present invention, a pulse derived from the automo 
bile distributor contacts is received by a variable delay 
circuit which, in effect, provides an output pulse which 
may be variably advanced with respect to the ignition 
of the next cylinder. With four-cylinder systems con 
ventional distributors and coils may be used since al 
most 90° of supplementary advance is available which is 
adequate to cause the high surface temperatures and 
detonation pressures required for short period cleaning. 
In the case of engines having more than four cylinders, 
such as eight cylinder engines, the conventional distrib 
utor cap and coil is preferably substituted by an elec 
tronic distributor to provide the preferred degree of 
ignition advance. 
Each of the systems disclosed herein may be readily 

modified to accommodate differing advances for the 
various cylinders to accommodate variations in fuel/air 
mixtures received by the cylinders. For example, the 
various cylinders may be adjusted in unison according 
to a single fuel air mixture signal, or the advance of the 
individual cylinders may be adjusted independently in 
accordance with plural fuel air mixture signals for re 
spective ones or groups of the cylinders. 

In yet another exemplary system, the occurrence of 
detonation or "pinging" is sensed and the advance of 
the particular cylinders experiencing detonation is re 
tarded a fixed increment for each occurrence of detona 
tion. When detonation is no longer detected at that 
cylinder, the timing of that cylinder is allowed to ad 
vance at a relatively slow rate until the next occurrence 
of detonation. 

In another exemplary system, the time of flame prop 
ogation from the spark plug to a preestablished location 
in the cylinder combustion chamber is measured and the 
advance of the particular cylinder is set in accordance 
with the speed of propogation of the combustion flame 
relative to the engine cycle. It will be appreciated that 
each of the two latter systems are fully adapted to the 
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conditions which affect engine operation, for example, 
the octane of the fuel being used, engine temperature 
and engine load. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a first exemplary 
embodiment of an ignition system according to this 
invention which is especially suitable for use with en 
gines having four or less cylinders; 

FIG. 2 is a series of charts illustrating the various 
signal sequences of the system of FIG. 1; 
FIG. 3 is a second exemplary embodiment of an igni 

tion system according to the present invention which is 
especially suitable for mounting in a vehicle having 
more than four cylinders; 
FIG. 4 is a third exemplary embodiment of an igni 

tion system according to the present invention which is 
especially suitable for use in a service station or the like 
for periodic servicing of vehicles not having vehicle 
mounted cleaning systems. 
FIG. 5 is a fourth exemplary embodiment of an igni 

tion system according to the present invention which is 
along the lines of the embodiment of FIG. 3 but pro 
vides independent rates of advance for each of the cyl 
inders of the engine. 
FIG. 6 is a fifth exemplary embodiment of an ignition 

system according to the present invention which adjusts 
the ignition timing of each of the cylinders in accor 
dance with defected detonations at each of the cylin 
ders; and 
FIG. 7 is a sixth exemplary embodiment of an ignition 

system according to the present invention which adjusts 
the ignition timing of each of the cylinders in accor 
dance with the rate of flame propogation in each of the 
cylinders relative to the engine cycle. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In FIG. 1, a system 10 is illustrated which is espe 
cially suitable for use with four cylinder internal com 
bustion engines and which uses the conventional me 
chanical distributor and coil 12 of the engine. In the 
discussion of the system 10, reference should be made to 
FIG. 2 in which the relationship of the various signals 
are graphically illustrated. The system 10 receives the 
pulse 14 created upon opening of the automobile distrib 
utor contacts 16 which disconnects the contact terminal 
18 from ground so that the potential at the terminal 18 
increases rapidly toward battery potential. The pulse 14 
is received by a first one-shot multivibrator 20 which is 
triggered when the potential of pulse 14 reaches the 
trigger level of the first one-shot multivibrator 20. The 
first one-shot multivibrator provides a positive going 
pulse 22 on line 26 and a negative going pulse 24 on line 
28. The pulse 22 on line 26 is received by a tachometer 
30 which time-averages the pulses to indicate engine 
speed and by a second one-shot multivibrator 32 which 
provides a positive going pulse 34 on line 36 and a nega 
tive going pulse 38 on line 40. The negative going pulse 
38 on line 40 is received by a third one-shot multivibra 
tor 42 from line 44 which provides a single positive 
going pulse 46 on line 48. With particular reference to 
FIG. 2, it will be noted that the pulse 46 is offset or 
delayed with respect to the other pulses 22, 24, 34, and 
38 by the width of the pulse 38 since the third one-shot 
multivibrator 42 responds to the positive going portion 
of the pulse 38. The pulse 46 is received by a switch 50 
which keys a sawtooth generator 54 so as to initiate a 
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4. 
voltage ramp 52 from the sawtooth generator 54 which 
is delivered on a line 56 to the input of a sample and 
hold circuit 58. The negative going pulse 38 on line 40 
is delivered to the gating terminal of the sample and 
hold circuit 58 whereby the sample and hold circuit will 
provide an output on output terminal 60 which is repre 
sentative of the ramp voltage at the time that the sample 
and hold circuit 58 is gated. Recalling now that the 
pulse 38 slightly precedes the pulse 46 which initiates 
the sawtooth generator ramp 52, it can be seen that the 
output of the sample and hold circuit 58 will be near the 
maximum voltage of the sawtooth ramp 52. Conse 
quently, the output on line 40 will be substantially rep 
resentative of the maximum potential of the sawtooth. 
The output on line 60 is received by a variable potenti 
ometer 62 which is connected to ground through a 
switch 64. The potentiometer 62 has a wiper 66 which 
provides an output signal 68 on line 70 which is some 
fraction or portion of the output signal at output termi 
nal 60, determined in accordance with the position of 
the wiper 66, during intervals while the switch 64 is 
closed. As will be appreciated hereinafter, the position 
of the wiper 66 of the potentiometer 62, and therefore, 
the potential at wiper 66, determines the degree of sup 
plementary advance of the cylinders selected for preig 
nition. At times when the switch 64 is open, the signal 
68 on line 70 approaches the full potential signal at 
output terminal 60. The switch 64 is operated by a gat 
ing signal on line 72 which gating signal is present for 
180 crank angle degrees preceding the normal firing 
time of each of the cylinders to be advanced. A signal 68 
on line 70 having minimum potential level, as shown in 
FIG. 1, representative of the degree of supplementary 
advance and the sawtooth signal 52 on a line 74 which 
extends from line 56 are received at the input of a com 
parator 76. As illustrated in FIG. 2 the comparator 76 
provides an output signal on line 78 with the positive 
going leading edge thereof indicating when the poten 
tial of the sawtooth wave equals the minimum potential 
of the degree of advance signal 68. The output signal on 
line 78 is delivered through a diode 80 to a last one-shot 
multivibrator 82 so as to provide an output pulse on line 
84 which is amplified by a buffer amplifier 86 and is 
used to trigger a capacitive-discharge ignition system 88 
which supplies an appropriate current pulse to the coil 
12 to fire the spark plug of the advanced cylinder. For 
the cylinders which are not advanced, the pulses 34 on 
line 36 are delivered through a diode 90 to the last 
one-shot multivibrator 82 to operate the capacitive-dis 
charge ignition system 88 to fire the spark plugs of the 
cylinders with substantially normal advance. 
The cylinders to be supplementarily advanced are 

selected by operation of one or more of a plurality of 
switches 92 of a selector system 94, with one switch 
being associated with each cylinder. The switches 92 
for the cylinders 1-4 may be either manually set or may 
be automatically set by an automatic control 93. 

For example, automatic initiation of the cleaning 
operation by the control 93 can be conditioned upon the 
elapse of a preselected period of time, the operation of 
a vehicle in which the engine is mounted for a predeter 
mined distance as can be determined from an odometer, 
or the preselected number of engine revolutions. The 
automatic control 93 should be programmed so that 
cleaning occurs only when full power from the engine 
is not required. For example, in an automobile installa 
tion, selected cylinders may be advanced while the 
engine is providing cruising power or less, and means 



4,257,373 
5 

may be provided to turn the system off to return the 
advance to normal when a demand for additional power 
is made such as during passing or an emergency maneu 
ver so that the system does not limit the power available 
from the engine under those conditions. The demand 
for additional power may be sensed in accordance with 
accelerator position or manifold pressure. As an alterna 
tive to fully automatic operation, an automatic indicator 
system may be utilized and the driver may be relied 
upon to switch on the cleaning system at a convenient 
time. In this regard, the usual method of indication may 
be used such as indicator lights, buzzers, etc. Although 
the switches 92 are not shown to be mechanically oper 
ated by the automatic control 93 they may be readily 
operated by transistors, SCR's, electromagnetic relays, 
etc. The selector system 94 provides gating pulses on 
line 72 which are timed so as to be present for intervals 
preceding the normal firing times of the cylinders to be 
advanced. The selecting circuit 94 uses a first flip-flop 
96 which receives the pulses 24 on line 28, and a second 
flip-flop which receives the "one' output of the first 
flip-flop 96 so as to provide a count of the pulses 24 in 
a binary code form in a known manner. Decoder diode 
matrix 100 receives the outputs of the first and second 
flip-flops 96 and 98 and converts the binary code in a 
known manner to provide sequentially occurring, sub 
stantially contiguous pulses on detector output lines 
102,104,106 and 108 representing the 2nd, 3rd, 4th and 
1st cylinders, respectively in the engine firing order. 
Closing of switch 92 corresponding to a selected cylin 
der transmits the pulses from the respective one of the 
output lines 102-108 to the switch 64 so as to gate the 
switch 64 and select the cylinder having the closed 
switch for supplementary advance. If the identity of the 
advanced cylinders is desired the switch sequence 2, 3, 
4, 1 may be correctly superimposed on the engine firing 
order sequence by an identifying apparatus 110 which 
includes a capacitive pickup clip 112 which, with 
switch #1 open is clipped to #1 cylinder high voltage 
spark plug wire so as to identify the rotative position of 
the engine with respect to the firing periods of the cylin 
ders. In the illustrated example, the pickup clip provides 
a signal on a pickup output line 114 at the normal igni 
tion time of #1 cylinder. The signal on line 114 is deliv 
ered to a coincidence detector and bulb driver 116 
which also receives a signal from line 102 on line 118 
which commences at the normal firing time of cylinder 
#1 which is provided by the detector and diode matrix 
100. Upon coincidence of the signals on line 114 and line 
118, the coincidence detector and bulb driver 116 pro 
vide an appropriate potential to light a lamp 120. Conse 
quently, while synchronization is established between 
the selected crankshaft rotational position and the gen 
eration of a pulse corresponding to the selected rota 
tional position of the crankshaft, the synchronizing 
lamp 120 will be lit. Synchronism is initially established 
by closing a switch 122 which resets flip-flops 96 and 98 
to provide an output pulse for switch #2 when the 
proper rotative position of the crankshaft for firing is 
detected by the capacitive pickup clip 112. Switch #2 
then controls the pulse initiated by the normal firing 
time of cylinder #1 so as to insure either the presence or 
absence of supplementary advance to the second cylin 
der in the firing order. Thereafter, synchronism is main 
tained although the switch 122 is disconnected through 
counting of the occurrences of distributor contact open 
1ng. 
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6 
In summary of the operation of the system 10, the 

opening of the points 16 provides a pulse 14 which is 
used to control the firing of the advanced as well as the 
non-advanced cylinders. Considering a cylinder which 
is not supplementarily advanced as indicated by an open 
switch 92 for that cylinder the pulse 14 is effective 
through intermediate one-shot multivibrators 20 and 32 
to initiate an output pulse from the last one-shot multivi 
brator 82 which is received by the capacitive discharge 
system 88. The capacitive discharge system 88 in turn 
fires the appropriate spark plug by generating a current 
pulse in the primary of the coil 12 at a time appropriate 
to the respective cylinder. Considering now a cylinder 
which is supplementarily advanced, it will be seen that 
the pulse 14 correlative to the preceding cylinder yields 
a pulse on line 78 which is variably delayed in accor 
dance with the adjustment of the potentiometer 62 so 
that the pulse 34 on line 36 correlative to the cylinder 
under a non-advanced condition which would ordinar 
ily be effective to operate the capacitive discharguigni 
tion system 88 to fire the cylinder is preceded and pre 
empted by a pulse on line 78 from the comparator 76 to 
preignite the cylinder. More particularly, a sawtooth 
wave is generated at generator 59 which is compared to 
a signal 68 representing a fraction of the sawtooth peak 
which fraction is established in accordance with the 
desired supplementary advance. When the sawtooth 
wave exceeds the minimum potential of the supplemen 
tary advance signal 68, an output signal on line 78 is 
provided which is effective to operate the capacitor 
discharge ignition system 88. It will be appreciated that 
increasingly positive signals 68 result in longer delays 
from the preceding pulse, and therefore, shorter supple 
mentary advances. 
To accomplish cleaning of the advanced cylinders, 

the ignition supplementary advance is severe enough, 
preferably almost 90 degrees of crank shaft angle, to 
result in an especially high combustion chamber surface 
temperatures and high detonation pressures to burn and 
dislodge the combustion chamber deposits. Preferably, 
in a four cylinder engine, two of the cylinders are oper 
ated in that manner whereby they serve as power ab 
sorbers and so that the throttle can be opened signifi 
cantly above idle position to contribute to the cleaning 
effect. When the system is being used to advance se 
lected cylinders to accommodate differences in fuel to 
air mixtures, the total ignition advance is much less 
severe and is normally in the range of from 10 to 40 
degrees before top dead center. 

In FIG. 3, an ignition system 124 is illustrated which 
is adapted to provide an electronically controlled igni 
tion advance for ordinary operation of the vehicle. 
Additionally, the system 124 of FIG. 3 is readily adapt 
able for providing supplementary advance for selected 
cylinders for cleaning generally as set forth above. The 
system 124 senses a pulse 14 upon an opening of the 
contacts 16, and, for this embodiment, there is one such 
opening event for each camshaft revolution. The pulse 
14 is received by a first one-shot multivibrator 126 
which provides a negative going pulse on line 128 when 
the gating threshold of the first one-shot multivibrator 
126 is reached. The negative going pulse on line 128 is 
received by a second one-shot multivibrator 130 which 
provides a positive going output pulse on line 132 in 
response to the positive going portion of the pulse on 
line 128 so that the pulse on line 132 is delayed for time 
equal to the width of the pulse on line 128. The pulse on 
line 132 is received by switch 134 which is effective to 
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reset to zero volts the output of a sawtooth generator 
136 upon closing of the switch 34. Consequently, a 
sawtooth waveform is provided on output line 138 of 
sawtooth generator 136 which repeats on each occur 
rence of an output pulse from the one-shot multivibra 
tor 130 on line 132. A sawtooth peak sample and hold 
circuit 140 receives the sawtooth waveform on line 138 
and a negative going pulse on line 128 from line 141 so 
as to provide an output on line 144 substantially repre 
sentative of the peak potential of the sawtooth wave 
form on line 138, as described with respect to FIGS. 1 
and 2. The signal on line 144 is received by a circular 
voltage divider network 142 comprising variable resis 
tors R1, R8, R4, R3, R6, R5, R7 and R2 having prese 
lected resistive values which establish the advance of 
cylinders 1, 8, 4, 3, 6, 5, 7 and 2, respectively, so that 
differences in optimum spark advance which are treated 
as being invariant with engine operating parameters can 
be accommodated. One or more of the resistors may 
have resistive values differing from the one or more of 
the others. Alternatively, or in combination, resistor 
wiper contacts C1, C8, C4, C3, C6, C5, C7 and C2 may 
be positionally adjustable so as to vary the resistive 
values of the respective resistors R1-R8. When the 
wiper contacts C1-C8 are in the positions shown, the 
ignition timing is established for normal operation of the 
engine with constant differences in optimum spark ad 
vance being accommodated by the diverse values. 
However, one or more selected cylinders may be sup 
plementarily advanced to clean the selected cylinders 
by switching the respective wiper contact C1-C8 coun 
terclockwise on the voltage divider network 142 to 
change the voltage seen by the respective wiper contact 
C1-C8, to produce earlier intersection with the modi 
fied sawtooth train on line 152 as will be better appreci 
ated hereinafter. It will be noted that during operation 
with wipers as illustrated, the potential at wiper contact 
Ci is always greater than at wiper contact C8, the po 
tential at wiper C8 is always less than that at any other 
wiper contact. The potential at each of the contacts 
C1-C8 is delivered to one terminal of a voltage compar 
ator for the respective cylinder, and particularly, the 
potential at C1 is delivered to one terminal of a first 
cylinder comparator, the potential at contact C8 is de 
livered to an eighth cylinder comparator, etc. 
The sawtooth signals on line 138 are received at one 

terminal of a differential operational amplifier 146 via a 
line 148. The other terminal of the differential opera 
tional amplifier 146 receives a signal on line 150 which 
is representative of one or more engine operating pa 
rameters according to which ignition advance is to be 
Varied, such as engine speed, engine demand as indi 
cated by throttle angle or manifold pressure, and/or 
fuel octane. Accordingly, the differential operational 
amplifier 146 provides a modified sawtooth output sig 
nal on line 152 which is representative of the difference 
between the sawtooth generator output waveform on 
line 138 and the signal on line 150 representative of the 
engine operating parameters. The signal on line 152 is 
received by the other input terminals of each of the first 
through eighth cylinder comparators whereby the saw 
tooth waveform, as modified by engine operating pa 
rameters, will be compared with the potentials at the 
respective wiper contacts C1-C8. 

It should be noted, that, in the embodiment illus 
trated, the magnitude of the voltage on line 150 may be 
no larger than approximately one eighth of the magni 
tude of the voltage on line 144. Otherwise, the maxi 
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8 
mum amplitude of the modified sawtooth output of 
amplifier 146 may be below the fraction of the unmodi 
fied sawtooth peak picked off the voltage divider by 
wiper C1 thus preventing an intersection in the compar 
ator for cylinder #1. Thus it will be recognized that 
increasing the voltage on line 150 has substantially the 
same effect on the comparator output as moving 
contacts C1-C8 clockwise on the voltage divider. Each 
of the cylinder comparators provides an output signal to 
an associated one-shot multivibrator and buffer ampli 
fier when the signal of the modified sawtooth waveform 
on line 152 reaches the voltage at the associated wiper 
contact. Since the potential at wiper contact C8 is clos 
est to zero, i.e. ground potential, the number eight cylin 
der comparator provides an output signal near the in 
ception or zero point of the sawtooth waveform. In 
sequence, the cylinder comparators for cylinders 8, 4, 3, 
6, 5, 7, 2 and , respectively, provide output signals 
when the modified sawtooth waveform equals or ex 
ceeds the voltage at its respective wiper contact. The 
entire voltage divider network 142 represents 720 of 
crankshaft revolution. The one-shot buffers for cylin 
ders 1-8 are effective to drive silicon controlled rectifi 
ers Q1-Q8, respectively, into conduction so as to con 
nect the capacitive discharge system 154 through re 
spective ones of ignition coils T1-T8 which are con 
nected to fire spark plugs P1-P8, respectively. Separate 
coils are utilized for each spark plug so as to dispense 
with a conventional mechanical distributor for eight 
cylinder engines which would limit the system to a 
supplementary ignition advance of only 45. More par 
ticularly, it will be appreciated that with mechanical 
distributors, advances of more than 45 will position the 
rotor arm closer to the contact of the preceding cylin 
der to be fired than the contact of the intended cylinder 
so as to cause flash-over to the preceding contact. It is 
desirable for efficient cleaning of the engine to establish 
ignition advances of more than 45". It will also be appre 
ciated that conventional mechanical distributors may be 
used with four cylinder engines as illustrated in FIG. 1 
since the fewer number of cylinders permit advances of 
approximately 90 without flash-over. 
The signal on line 150 representative of engine oper 

ating parameters is derived from a function generator 
156 which receives a signal representative of the peak 
potential of the sawtooth waveform from line 144 on a 
line 158. Since the peak potential is representative of the 
time elapse between pulses 14, it is inversely representa 
tive of, i.e. the reciprocal of, engine speed. The function 
generator also receives a signal from a variable potenti 
ometer 160 which is representative of throttle opening 
or manifold pressure. The potentiometer 160 may in 
clude a wiper contact 162 which is connected to the 
throttle arm of the carburetor so as to provide a frac 
tional amount of a regulated voltage which is varied in 
accordance with throttle position. A filter capacitor 164 
is connected between the wiper contact and ground so 
that the generator may be delayed in its response to 
rapid and brief changes in throttle position. The func 
tion generator also includes a manual input 166 which 
suitably adjusts the ignition advance in accordance with 
the octane of the fuel being used by the automobile. The 
contribution of each of engine speed, throttle position, 
and octane to the signal on line 150 may be selected in 
accordance with known relationships so as to provide 
an approprite engine operating parameter signal on line 
50. 
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It will be appreciated that the sawtooth peak signal 

on line 144 could have been modulated in accordance 
with engine operating parameters rather than the saw 
tooth waveform. It will also be appreciated that the 
adjustment of the wiper contacts C1-C8 can be made 
manually by the operator, or may be accomplished by a 
mechanical or electronic control as described with re 
spect to FIG. 1, 

In summary of the operation of the ignition system 
124, the occurrence of a pulse 14 representing the open 
ing of contacts 16 initiates a sawtooth waveform on line 
138 after a preset very small time delay. The sawtooth 
waveform on line 138 is modified in accorance with 
selected engine operational conditions at operational 
amplifier 146. A signal representative of the peak of the 
sawtooth waveform, provided by the sample and hold 
circuit 140, is reduced in potential level in stages in 
accordance with the desired advance for each cylinder 
and the time sequence of firing of each cylinder by the 
voltage divider 142. The modified waveform from the 
operational amplifier. 146 is compared at each cylinder 
with the potential derived from the voltage divider 
network 142 so as to yield a spark initiating signal when 
the modified waveform from the operational amplifier 
exceeds the potential from the voltage divider 142 
whereby each spark plug P1-P8 is fired in turn and with 
a preselected advance to accommodate differing engine. 
operating parameters such as fuel/air mixtures and/or 
to accomplish combustion chamber cleaning. 

In FIG. 4, an ignition appliance 168 is shown which 
is suitable for use in service stations and the like for 
cleaning internal combustion engines of automobiles 
brought in for servicing. The appliance 168 includes 
means 170 sensitive to the rotational position of the 
distributor shaft which, for example, may include a 
pickup 172 which is capacitatively coupled to an igni 
tion wire such as a #1 spark plug wire as shown to 
detect the transmission of a potential pulse through the 
wire. The pulse which is coupled to the capacitive 
pickup 172 is received by a cold cathode tube 174 to fire 
the tube thereby emitting light. A photo-transistor 176 
is optically coupled to the tube so that the transistor 176 
is turned on when the tube 174 is fired. When the tran 
sistor 176 is off, its collector 178 is near battery potential 
while the firing of the transistor 176 pulls the collector 
potential to near ground potential so as to create a nega 
tive going pulse. The thusly created negative going 
pulse is delivered to an amplifying transistor 180 which 
is turned on when the negative going pulse is received 
so as to provide a positive going pulse at its collector 
182 which is delivered to a third amplifying transistor 
184 to turn on transistor 184 to provide a negative going 
pulse at its collector 186. The negative going pulse at 
the collector of the transistor 184 is delivered to a first 
one-shot multivibrator 188 which provides a negative 
going pulse of predetermined width to a second one 
shot multivibrator 190 and to the gating terminal of a 
sawtooth sample and hold circuit 192. The sawtooth 
sample and hold circuit 192 is gated on the positive 
going portion of the pulse from the first one-shot multi 
vibrator 188. The second one-shot multivibrator 190 is 
responsive to the positive going portion of the pulse 
from the first one-shot multivibrator 188 to provide a 
positive going pulse which is delivered to an electronic 
switch 194 which is operatively connected to a saw 
tooth generator 196 to reset the sawtooth generator 196 
on each occurrence of the pulse from the one-shot mul 
tivibrator 190. The sawtooth generator 196 provides a 
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10 
sawtooth waveform on line 198 which is delivered to 
the sample terminal of the sawtooth peak sample and 
hold circuit 192. The sawtooth peak sample and hold 
circuit is gated by the negative going portion of the 
pulse from the first one-shot multivibrator 188 so that 
the sawtooth peak sample and hold circuit holds the 
value of the sawtooth wave slightly prior to resetting of 
the sawtooth generator, and particularly, at a time inter 
val prior to resetting of the sawtooth generator 196 
equal to the width of the pulse from the first one-shot 
multivibrator 188. Accordingly, the signal held by the 
sawtooth peak sample and hold circuit 192 is substan 
tially representative of the peak of the sawtooth wave 
form generated by the sawtooth generator 196. The 
sawtooth peak signal of the sawtooth peak sample and 
hold circuit 192 is received by a circular voltage divider 
network 200 having terminals T1-T8 for cylinders 1 
through 8, respectively, which are adapted to be en 
gaged by wiper contact C1-C8, respectively, so as to 
provide normalignition timing. Accordingly, the values 
of the resistances intermediate the terminals T1-T8 are 
of equal value. The wiper contacts C1-C8 are adapted 
to be positionable intermediate the terminals T1-T8 
toward the next preceeding terminal cylinder in the 
firing order (counterclockwise) so as to supplement the 
advance of the selected cylinders. With regard to FIG. 
4, it can be seen that the wiper contact C4 for cylinder 
four is advanced approximately midway between the 
terminals T4 and T8 so as to provide approximately 45 
supplemental ignition advance while the wiper contact 
C3 for cylinder three is advanced to contact T4 to pro 
vide 90' supplemental advance. Terminals T1 and T1' 
are separated in voltage by the prevailing sawtooth 
amplitude and may be considered to be separated in 
time by the very small duration of the negative going 
pulse from the first one-shot multivibrator 188. Thus 
contact C8, for example, may be moved counterclock 
wise beyond T1 in the event it is desired to supplement 
the advance of cylinder #8 more than 90 crankshaft 
degrees. The potentials at wiper contacts C1-C8 are 
compared with the sawtooth waveform from the saw 
tooth generator 196 at the first through eighth cylinder 
comparators to yield output signals therefrom when the 
signals are equal. The output signals from the first 
through eighth cylinder comparators are delivered to 
one-shot buffers which provide a pulse to fire silicon 
controlled rectifiers Q1-Q8, respectively, which in turn 
deliver a primary ignition pulse from a capacitive dis 
charge system 202 to ignition coils T1-T8 for spark 
plugs P1-P8, as previously described with respect to 
the system of FIG. 3. 

It will be appreciated that the appliance 168 of FIG. 
4 is readily adapted for service station use since it is 
readily connectable to an automobile engine. More 
particularly, the appliance 168 can be operatively con 
nected to an automobile engine by removal of all of the 
plug leads, clamping the capacitive pickup clip 172 to 
the appropriate distributor lead, and plugging leads 
from he ignition coils T1-T8 to the respective spark 
plugs P1-P8. Selected ones of the cylinders 1 through 8 
may be advanced by adjustment of the wiper contacts 
C1-C8 as previously described. If desired, cooperating 
electrical fittings may be installed on the appliance and 
on the automobile so that the above described connec 
tions and disconnections may be made in a single opera 
tion. 

In FIG. 5, another exemplary embodiment of an igni 
tion system 202 according to the present invention is 
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illustrated. The ignition system 202 of FIG. 5 is like the 
ignition system 124 of FIG. 3 in that it includes means 
for providing a sawtooth waveform on line 148 which 
repeats on each mechanical cycle of the automobile 
engine, i.e., each 720° of rotation of the crankshaft of a 
four cycle piston engine. The system 202 also includes 
means for providing a signal on line 144 representative 
of the inverse of engine speed. The sawtooth is phased 
such that the ramp of the sawtooth waveform is initi 
ated previously to the most advanced ignition timing 
contemplated for the cylinder 8, and may be established 
in accordance with the opening of conventional distrib 
utor contacts for the engine. For example, the initiation 
of the ramp may occur on compression stroke top dead 
center for cylinder #1. TerminalsT1-T8 corresponding 
to cylinders 1-8 are spaced about a voltage dividing 
resistor 204 in the quarter appropriate for firing, for 
example, T8, T4, T3, T6, T5, T7, T2, T1, respectively, 
as illustrated. The terminals T1-T8 may be equally 
spaced about the voltage dividing resistor 204, or alter 
natively, certain of the terminals T1-T8 may be for 
wardly or rearwardly in position to advance or retard 
the firing of the selected cylinders. It will be appreci 
ated that this advance or retardation by virtue of the 
adjustment of the position of the selected terminals will 
introduce a bias in the spark advance of the particular 
cylinders. By way of illustration, the bias of the selected 
cylinders may be established so that four cylinders of an 
eight cylinder engine may run on propane and four 
cylinders of the engine may run on gasoline. The termi 
nals T1-T8 may be manually or automatically adjust 
able to introduce the desired bias. Consequently, igni 
tion timing may be varied independently or collectively 
for the cylinders of the engine. In the particular exam 
ple shown, adjustment of the terminals T1-T8 in the 
clockwise direction increases the voltage level at that 
terminal to retard the spark, and vice-versa. In this 
regard, a clockwise movement from the terminal T8 is 
in the direction of increasing voltage, while a clockwise 
movement from each of the other terminals is in the 
direction of decreasing voltage. Nonetheless, the effect 
of the clockwise movement is the same in each case, i.e. 
to advance the spark since the movement from the 
terminal T8 past the terminal connecting with line 144 
represents only a small movement in crank angle, al 
though the potential difference may be quite large. 
More specifically, the rotation of crank angle represen 
tative of the movement of the terminal T8 to the termi 
nal connecting with line 144 represents the crank angle 
rotation during the width of the pulse from the first 
one-shot multivibrator 126. 
As described with respect to FIG. 3, the terminals 

T1-T8 are connected to first through eight cylinder 
comparators 206 as illustrated in FIG. 5. The signal on 
line 144 representative of the inverse of the engine 
speed is also connected to first through eighth cylinder 
function generators indicated at 208. The first through 
eighth cylinder function generators 208 also receive a 
signal representative of engine octane from an octane 
selector potentiometer 210 which is manually adjustable 
by the vehicle operator and is preferably located in the 
passenger compartment of the vehicle, and a signal 
representative of charge density from a charge density 
potentiometer 162 which is preferably operatively con 
nected to the engine throttle for responding to the en 
gine throttle or to a pressure transducer to respond to 
intake manifold pressure. The contribution of each of 
engine speed, throttle position, and octane to the output 
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signal from each function generator 208 is established in 
accordance with known relationships so as to provide 
an appropriate engine operating perameter signal to an 
associated summing amplifier indicated at 210 for each 
cylinder. Each of the function generators 208 establish 
independent functional relationships based on the pa 
rameters of engine speed, octane and charge density in 
accordance with the variations in the design test perfor 
mance of the engine in response to those parameters for 
each cylinder. In this regard, burning time within the 
combustion chambers of each cylinder is not identical 
each with respect to the other, but rather, the combus 
tion time may vary due to several factors including the 
variations in the fuel air ratio between the cylinders. 
For example, the fuel-air ratio of a modern V8 engine 
may vary as much as two ratios between the richest 
cylinder and the leanest cylinder under certain condi 
tions of speed and load. The function generators for 
each of the cylinders produces an output signal which 
provides an optimum spark advance for each cylinder 
by adjustment of each of the function generators in 
accordance with the predictable variations between the 
cylinders. 
The summing amplifiers 210, in addition to receiving 

the output signal from the function generators 208, also 
receives the sawtooth waveform from line 148. The 
summing amplifiers 210 also receive the output signal 
from the function generators 208 so that the output 
from the summing amplifier represents a sawtooth 
waveform which is modified in accordance with the 
signal from the function generators 208, and particu 
larly, is reduced in accordance with the signal from the 
function generators 208. The modified sawtooth wave 
form from the summing amplifiers 210 are compared 
with the signals from the respective ones of the termi 
nals T1-T8 at associated comparators 206 for the first 
through eighth cylinders so as to fire an associated SCR 
when the signals are equal. The firing of the SCR dis 
charges the capacitor of a CD system 214 through indi 
vidual ignition coils C1-C8 which in turn fire spar 
plugs P1-P8. 

In FIG. 6, yet another exemplary embodiment of an 
ignition system according to the present invention is 
shown. The ignition system 220 of FIG. 6 is like the 
ignition system 202 of FIG. 5 and the ignition system 
124 of FIG. 3, and accordingly, signals of like nature 
from like components are shown to be received on 
like-numbered conductors. Hence, a signal is received 
on a line 144 representative of the peak amplitude of the 
sawtooth waveform which is in turn inversely represen 
tative of the engine speed, a signal line 162 is received 
which is representative of the charge density, a saw 
tooth waveform signal on line 148 is received which 
repeats on each mechanical cycle of the engine, i.e. each 
720 of rotation of the crankshaft of a four cycle piston 
engine, and signals are received by comparators 206 for 
the respective cylinders of the engine from terminals 
T1-T8 on a voltage dividing resistor 204, all as previ 
ously described. w 
The ignition system 220 of FIG. 6 differs from the 

previously described ignition system in that the system 
220 features closed loop control of the spark advance 
for each cylinder as a function of detected undesirable 
detonations. More particularly, the ignition system of 
FIG. 5 is capable of operating each of the combustion 
chambers of a multi-cylinder engine as close to a deto 
nation condition as may be desired without suffering 
significant power loss from detonation. In this regard, 
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under engine operating conditions involving slow speed 
and high manifold pressure, the spark advance is fre 
quently limited by early undesirable detonations. If 
detonation did not occur, more torque could be ob 
tained by advancing the spark. Since there are varia 
tions in operating conditions between the cylinders and 
variations in operating conditions from cycle to cycle, 
all of which affect the spark advance at which detona 
tion may occur for each of the cylinders, the traditional 
method for avoiding undesirable detonation is to retard 
the spark to all of the cylinders until detonation is re 
duced to an acceptable level at all cylinders and under 
all cycle to cycle variations. In other words, the spark is 
sufficiently retarded so that the worst cylinder under 
the worst cyclic conditions is accommodated. Conse 
quently, the cylinders which could tolerate and addi 
tional spark advance without undesirable detonation are 
ignited subsequent to the optimum time, and therefore, 
do not provide optimum torque. In addition to the prob 
lem of accommodating the variations between cylinders 
and variations between cycles, variations in the octane 
rating of the fuel used during the life of an engine has 
been a problem. The system of FIG. 6 provides a solu 
tion to the problem of variations between cylinders, 
variations from cycle to cycle, and variations in fuel 
automatically and effectively without attention from 
the operator. 
To accomplish the above end, a transducer 222 is 

provided which is attached to the block of the engine, 
e.g. by threading into a tapped blind hole in the engine 
block, and which is responsive to vibrations transmitted 
through the block which are representative of an unde 
sirable detonation. For example, the transducer 222 can 
be responsive to the vibrations in the audible range and 
preferably provides an electrical output signal represen 
tative thereof. The output signal of the transducer 222 is 
amplified by a suitable amplifier 224 and is thereafter 
received by a bandpass filer and threshold device 226. 
The bandpass filter and threshold device 226 allows the 
transmission of only a very narrow band of frequencies 
detected by the transducer 222 and provides an output 
signal when the frequencies at this narrow band exceed 
a predetermined threshold. The narrow band is selected 
so as to be within the range of frequencies which are 
distinctively related to undesirable detonations as op 
posed to frequencies caused by normal mechanical vi 
brations and normal charge burning. The threshold 
level of the threshold device is set so that the device 
will not pass signals caused by spurious low magnitude 
vibrations due to effects not indicative of an undesirable 
detonation. The output of the bandpass filter and 
threshold device 226 is provided to gates 228 for cylin 
ders 1 through 8 via a common conductor 230. The 
gates 228 receive the output of the bandpass filter and 
threshold device 226 at one terminal and a gating signal 
from the respective gates of the firing SCR's on respec 
tive lines 232 for each of the cylinders 1-8, and a gate 
duration signal from the line 144 via individual lines 
234. The output of the gates 228 is provided to respec 
tive function generators 236 for the cylinders 1-8 by 
respective lines 238. The gates 228 transfer the signal 
from the bandpass filter and threshold device 226 repre 
sentative of an undesirable detonation to the function 
generator 236 for a period beginning with the provision 
of a gating signal on the respective line 232 having a 
duration established by the gate duration signal 234. 
The gates 228 are used to time-isolate the post-ignition 
detonations for each cylinder from the other cylinders 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
so that the appropriate function generator 236 can be 
controlled to adjust the timing of that cylinder only. In 
this regard, it is known that, initially at least, an undesir 
able detonation for each cylinder will occur in the inter 
val between the provision of an ignition signal to the 
gate of the SCR for that cylinder until a predetermined 
time thereafter which is inversely proportional to the 
speed of the engine. That predetermined time is estab 
lished by the gate duration signal on each line 234 
which is inversely related to the speed of the engine as 
previously explained. If desired, the predetermined 
period in which an undesirable detonation for a cylinder 
can occur can alternatively be established by opening 
the gate for that cylinder in the interval between the 
provision of an ignition signal to the SCR for that cylin 
der and the provision of an ignition signal to the SCR of 
the next cylinder to be fired. In the latter method, the 
gate would be inhibited by the gating signal to the SCR 
of the next cylinder to be fired. 
The function generators 236 are responsive the 

engine speed as obtained from line 144, the charge den 
sity as obtained from line 162, and pre-ignition detona 
tion conditions as obtained from line 238. The function 
generator 236 responds to charge density and engine 
speed, analogous to manifold vacuum and centrifugal 
mechanism signals of conventional spark advance sys 
tems, respectively, in the manner previously described. 
The output signal of the function generator 236 pro 
vides an initial nominal spark advance setting in accor 
dance with known spark advance information. When an 
undesirable detonation is detected as indicated by the 
receipt of a signal on line 238, the function generator 
provides a signal which is effective to decrease the 
spark advance a predetermined small increment. Each 
successive time that a signal on line 238 is received 
indicating that the respective cylinder is experiencing 
an undesirable detonation, the function generator out 
put retards the spark a like increment, for example, one 
degree for each cycle. When the absence of a signal on 
line 238 indicates that the respective cylinder is not 
experiencing an undesirable detonation, the spark is 
automatically advanced a small degree, e.g. 0.01 degree 
for each cycle, until such time that an undesirable deto 
nation is detected at which time the spark is again re 
tarded the aforementioned increment. In this manner, 
the spark advance for each cylinder is subject to contin 
uous adjustment in accordance with the burning condi 
tions in that cylinder so that the charge in each of the 
cylinders is ignited at the optimum time. The function 
generator 236 controls the spark in the manner de 
scribed with respect to the system 202 of FIG. 5 via 
summing amplifiers 212 and comparators 206 which 
control respective SCR's for the cylinders. As previ 
ously described, the SCR's discharge the capacitor of a 
capacitive discharge ignition system into respective 
ignition coils C1-C8 for spark plugs P1-P8. 

In FIG. 7, still another exemplary embodiment of an 
ignition system according to the present invention is 
illustrated. The ignition system 240 of FIG. 7 is along 
the lines of the ignition system 220 of FIG. 6 and also 
includes a closed loop control of spark advance as a 
function of the burning conditions in each of the respec 
tive cylinders. In the system 240 of FIG. 7, the charge 
burning time in each of the cylinders is measured by 
measuring the time that the flame front takes to progress 
a predetermined distance and the advance for each of 
the cylinders is established according to the charge 
burning time for that cylinder. In this sense, the closed 
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loop system of FIG. 7 is responsive to the analogue 
representation of charge burning time whereas the igni 
tion system 220 of FIG. 6 is responsive to a binary signal 
indicating whether or not the cylinder is experiencing 
an undesirable detonation. 
The system 240 receives the previously described 

signal representative of the inverse of engine speed on 
line 144 and the sawtooth waveform on line 148. For 
brevity, only a single cylinder of a multicylinder engine 
is illustrated in FIG. 7, however, it will be appreciated 
that any number of cylinders can be similarly controlled 
by duplication of the system shown as taught with re 
spect to the previous embodiments. 

In FIG.7, cylinder head 242 of the engine is provided 
with an ionization detector 244 which in essence in 
cludes a pair of spaced electrodes projecting into the 
combustion chamber, and means for measuring the elec 
trical resistance therebetween. Upon ignition of the 
combustible mixture in the cylinder 242 by the spark 
piug P1, the flame front advances from the electrodes of 
the spark plug P1 to the electrodes of the ionization 
detector 244, traversing the distanced. The time of this 
traverse is measured by a timing circuit 246 which re 
ceives a signal from the gate of the SCR when the SCR 
is fired and which receives a signal from the ionization 
detector 244 when the resistance between the elec 
trodes of the ionization detector 244 has decreased to 
indicate that the flame has reached the ionization detec 
tor 244. The timing circuit measures this interval in 
fractions of a second and provides an analogue signal 
representative thereof on line 248 which is received by 
a function generator 250. The function generator 250 
receives a signal from line 144 representative of the 
inverse of the engine speed in revolutions per minute 
and the analogue signal representative of the time o 
flame propagation and provides a spark advance signal 
on line 252 to the previously described summing ampli 
fier 210 to establish the ignition advance for the cylin 
der. 

Empirically, it has been found desirable to establish 
the spark advance so that three-quarters of the burning 
time of the charge occurs before top dead center of the 
compression stroke. With a view towards achieving this 
result, the following expression can be derived for the 
optimum spark advance. 

0.75KT-OSAA360x60/RPM 

O 

OSAs. 4.5 KTXRPM 

where: 
K= an empirical factor relating the measured time for 

the flame front to progress the distanced between 
the spark plug P1 and the ionization detector 244 
and the actual burning time for the charge in the 
combustion chamber. 

T= the actual measured time required for the flame 
front to traverse the distanced from the spark plug 
P1 to the ionization detector 244. 

OSA = optimum spark advance. 
RPM = crankshaft revolutions per minute. 
With regard to the above, the quantity OSA/360 

represents the fraction of a revolution before top dead 
center during which burning occurs and the quantity 
60/RPM represents the time of each revolution in sec 
onds. The signal on line 252 representative of the de 
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6 
sired spark advance is provided in accordance with the 
above relationship. 
The summing amplifier 210 receives the sawtooth 

waveform on line 148 in addition to the spark advance 
signal on line 252 and provides a signal representative of 
the difference between the sawtooth waveform and the 
function generator output signal to a comparator 206 as 
previously described. Also, as previously described, the 
comparator 206 receives a signal from the terminal T1 
of a voltage dividing resistor 204 and the periodic signal 
from the summing amplifier 210 and provides an output 
signal to the gate of an SCR at the appropriate time for 
firing the spark plug P1 of the first cylinder. The SCR 
discharges a capacitor in a CD system (not shown) 
through a coil C1 for the first spark plug P1. 
The ionization detector 244 should be located as re 

motely as practical from the spark plug P1 so as to 
provide a long distance d so that the velocity of the 
flame front can be measured with the greatest possible 
accuracy. Additionally, the possibility that certain deto 
nations will be unrecognized is reduced. With regard to 
the latter, should a detonation occur following firing of 
the spark plug P1, but before the flame front reaches the 
ionization detector 244, the detonation condition will be 
reflected in a measurement of an increased flame veloc 
ity and the spark advance will be suitably adjusted to 
retard the spark. However, should detonation occur 
subsequent to the time that the flame front reaches the 
ionization detector 244, the detonation will not be de 
tected since an output signal from the flame detector 
244 will already have been provided. Since the severity 
of a detonation is a function of the participating charge 
quantity, detonations occurring after the flame front 
passes the ionization detector 244, provided the ioniza 
tion detector 244 is located as remotely from the spark 
plug P1 as possible, will be of a low order of severity 
and will not be consequential. 
Although reference has been made to cylinders and 

cylinder chambers throughout the description of the 
present invention, it will be appreciated that the term 
"cylinder' should be given broader meaning so as to 
apply to any structure providing a combustion chamber 
receiving a charge which is ignited in accordance with 
a predetermined timing with respect to an operating 
cycle. For example, the ignition timing of a Wankel 
engine utilizing rotors and rotor chambers may be suit 
ably controlled by the ignition systems of the present 
invention . Moreover, the term "top dead center” 
should be considered to be the time that contraction of 
the volume of a combustion chamber is terminated and 
expansion of the volume of the combustion chamber is 
initiated. Additionally, although a sawtooth waveform 
is utilized as a signal having a value which monotoni 
cally varies with at least a definable portion of the oper 
ating cycle of an engine, any other waveform may be 
used which is appropriately indicative of the elapse of at 
least a portion of the operating cycle of an engine. The 
period of the waveform may be established so as to be 
equal to a complete operational cycle of the engine, i.e. 
one in which all of the cylinders have been fired as 
described with respect to the embodiments of FloS. 3 
and 4, or the period may be set to equal one or other 
integral number of the rotational increments between 
corresponding piston positions of successively fired 
cylinders. For example, the period may be equal to the 
rotational increment between the top-dead-center posi 
tions of the pistons for successively-fired cylinders, as 
described with respect to the embodiment of FIG. 1. 
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Alternatively, the period may be established to equal an 
integral number of these increments between top-dead 
center positions of the pistons of successively-fired cyl 
inders. 
While it will be apparent that the teachings herein are 

well calculated to teach one skilled in the art the 
method of making preferred embodiments of this inven 
tion, it will be appreciated that the invention is suscepti 
ble to modification, variation and change without de 
parting from the proper scope of meaning of the sub 
joined claims. 
What is claimed is: 
1. For an engine having a wall means defining a com 

bustion chamber and ignition means associated with 
said combustion chamber for igniting a charge in said 
combustion chamber at times established at least in 
accordance with an operating cycle of said engine, the 
ignition of said charge producing a flame front in such 
combustion chamber, a system for controlling the tim 
ing of the ignition of the charge for said combustion 
chamber comprising: 

detecting means for responding to the arrival of said 
flame front at a predetermined location in said 
combustion chamber and for providing a detecting 
means signal dependent thereon; 

timing means for determining the time at which said 
charge is ignited in said combustion chamber, said 
timing means being responsive to said detecting 
means signal for varying said time relative to said 
operating cycle of said engine on a subsequent 
operating cycle of said combustion chamber in 
accordance with said detecting means signal. 

2. The system according to claim 1 wherein said 
detecting means includes interval measuring means 
which provides a measurement of the interval between 
the ignition of said charge and the arrival of said flame 
front at said predetermined location in said combustion 
chamber and in which said detecting means signal is at 
least in part representative of said interval. 

3. The system according to claim 2 wherein said 
interval has a determinable relationship to the actual 
charge burning time in said combustion chamber. 

4. The system according to claim 1 wherein said 
combustion chamber includes piston means which 
reaches a position of minimum combustion chamber 
volume during the operating cycle of said engine and 
wherein said charge for said combustion chamber is 
ignited prior to said piston means attaining said position 
of minimum combustion chamber volume. 

5. For an engine having a wall means defining a com 
bustion chamber and ignition means associated with 
said combustion chamber for igniting a charge in said 
combustion chamber at times established at least in 
accordance with an operating cycle of said engine, a 
system for controlling the timing of the ignition of the 
charge for said combustion chamber comprising: 

an ionization detector associated with said combus 
tion chamber for measuring the ionization of said 
charge upon burning thereof and for providing an 
ionization detector signal representative thereof; 

timing means for determining the time at which said 
charge is ignited in said combustion chamber, said 
timing means being responsive to said ionization 
detector signal for varying said time relative to said 
operating cycle of said engine on a subsequent 
operating cycle of said combustion chamber in 
accordance with said ionization detector signal. 
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6. The system according to claim 5 wherein said 

ionization detector is associated with said combustion 
chamber at a predetermined location and said ionization 
of said charge occurs at said predetermined location at 
a time having a determinable relationship to the actual 
charge burning time in said combustion chamber. 

7. The system according to claim 6 wherein said 
ionization detector includes an electrode forming a gap 
associated with said combustion chamber, and impe 
dance measuring means for measuring the impedance 
across said gap and for providing said ionization detec 
tor signal upon measuring an impedance indicative of 
ionization of said charge within said gap. 

8. The system according to claim 7 wherein said 
electrode and gap formed thereby are located at least in 
part within said combustion chamber. 

9. A system for timing the ignition of a charge in a 
combustion chamber of an internal combustion engine 
at least in part in accordance with a contraction and 
expansion cycle of said combustion chamber compris 
1ng: 

detecting means for detecting the burning of at least a 
portion of said charge at a predetermined location 
in said combustion chamber; and 

timing modification means responsive to said detect 
ing means for modifying the timing of the ignition 
of a subsequent charge in said combustion chamber 
in accordance with said time of detection of burn 
ing at said predetermined location with respect to 
the contraction and expansion cycle of said engine. 

10. The system according to claim 9 wherein said 
detecting means provides a measurement of the interval 
between the ignition of said charge and the detection of 
said burning and in which said timing is at least in part 
modified in accordance with said measurement. 

11. The system according to claim 10 wherein said 
interval has a determinable relationship to the actual 
charge burning time in said combustion chamber. 

12. The system according to claim 9 wherein said 
combustion chamber includes piston means which 
reaches a position of minimum combustion chamber 
volume during the operating cycle of said engine and 
wherein ignition of said charge in said combustion 
chamber occurs prior to said piston means attaining said 
position of minimum combustion chamber volume. 

13. A system for timing the ignition of a charge in a 
combustion chamber of an internal combustion engine 
at least in part in accordance with contraction and ex 
pansion of said combustion chamber commprising: 
measuring means for measuring a combustion condi 

tion which is related to the actual burning time of 
said charge in said combustion changer, said mea 
suring means including an ionization detector asso 
ciated with said combustion chamber for measur 
ing the ionization of said charge upon burning 
thereof; and 

timing modification means responsive to said measur 
ing means for modifying the timing of the ignition 
of a subsequent charge in said combustion chamber 
in accordance with said measured condition. 

14. The system according to claim 13 wherein said 
ionization detector is associated with said combustion 
chamber at a location at which said ionization of said 
charge occurs at a time having a determinable relation 
ship to the actual charge burning time in said combus 
tion chamber. 

15. The system according to claim 14 wherein said 
ionization detector includes an electrode forming a gap 
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associated with said combustion chamber and impe 
dance measuring means for measuring the impedance 
across said gap and for cooperating with said timing 
means for modifying the timing of the subsequent 
charge in said combustion chamber in accordance with 
the time of occurence of an impedance indicative of 
ionization of said charge within said gap. 

16. The system according to claim 15 wherein said 
electrode and gap formed thereby are located at least in 
part within said combustion chamber. 

17. The system of claim 9 further includes a member 
which rotates in accordance with the contraction and 
expansion of said chamber and speed responsive means 
for responding to the rotational speed of said member 
and wherein said timing modification means is addition 
ally responsive to said speed responsive means for modi 
fying the timing of the ignition of said charge in accor 
dance with said rotational speed of said member. 

18. The system of claim 12 wherein said timing modi 
fication means establishes said timing so that a predeter 
mined period of the burning time of said charge occurs 
prior to minimum combustion chamber volume and the 
remaining period of the burning time of said charge 
occurs subsequent to said minimum combustion cham 
ber volume. 

19. The system of claim 18 wherein said period of the 
burning time of said charge prior to said minimum com 
bustion chamber volume is greater than said remaining 
period of the burning time of said charge. 

20. For an internal combustion engine having at least 
one combustion chamber for containing a charge which 
cyclically contracts and expands synchronously with 
ignition of said charge in said chamber, ignition timing 
means comprising: 

a detector associated with said combustion chamber 
for detecting burning of at least a portion of said 
charge in said combustion chamber; 

measuring means associated with said detector for 
measuring the interval between the ignition of said 
charge in said chamber and the detection of burn 
ing in said combustion chamber by said detector; 
and 

timing means responsive to said measuring means for 
timing the ignition of a subsequent charge in said 
combustion chamber so as to cause a determinable 
proportion of the total burning time of said subse 
quent charge to occur prior to the cessation of 
contraction and initiation of expansion of said 
chamber in accordance with said measured inter 
val. 

21. The ignition timing means of claim 20 wherein the 
portion of the burning time of said charge prior to cessa 
tion of contraction and initiation of expansion of said 
chamber is greater than the remaining portion of the 
burning time of said charge. 

22. For an internal combustion engine having at least 
one combustion chamber for containing a charge which 
cyclically contracts and expands synchronously with 
ignition of said charge in said chamber, ignition timing 
means comprising: 

measuring means for measuring a parameter related 
to the duration of the burning of a charge in said 
combustion chamber, said measuring means includ 
ing an ionization detector associate with said con 
bustion chamber for measuring the ionization of 
said charge upon burning thereof; and 

timing means responsive to said measuring means for 
timing the ignition of a subsequent charge in said 
combustion chamber so as to cause a predeter 
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mined proportion of the total burning time of said 
subsequent charge to occur prior to the cessation of 
contraction and initiation of expansion of said 
chamber. 

23. The ignition timing means of claim 22 wherein 
said ionization detector is associated with said combus 
tion chamber at a location at which said ionization of 
said charge occurs at a time having a determinable 
relationship to the actual charge burning time in said 
combustion chamber. 

24. The ignition timing means of claim 23 wherein 
said ionization detector includes an electrode forming a 
gap associated with said combustion chamber and impe 
dance measuring means for measuring the impedance 
across said gap and for cooperating with said timing 
means for timing the ignition of the subsequent charge 
in said combustion chamber in accordance with the 
time of occurrence of an impedance indicative of ioniza 
tion of said charge within said gap. 

25. The ignition timing means of claim 24 wherein 
said electrode and gap formed thereby are located at 
least in part within said combustion chamber. 

26. A system according to claim 1 wherein said igni 
tion means is located at a second predetermined loca 
tion in said combustion chamber which is spaced from 
said firstmentioned predetermined location. 

27. A system according to claim 1 wherein said de 
tecting means communicates with said combustion 
chamber at said predetermined location. 

28. A system according to claim 1 wherein a detected 
arrival of said flame front at said predetermined loca 
tion prior to a predetermined time with respect to the 
operating cycle of said engine is indicative of a detona 
tion in said combustion chamber and said timing means 
retards the timing in accordance with said detected 
arrival prior to said predetermined time. 

29. A system according to claim 9 wherein said igni 
tion means is located at a second predetermined loca 
tion in said combustion chamber which is spaced from 
said firstmentioned predetermined location. 

30. A system according to claim 9 wherein said de 
tecting means communicates with said combustion 
chamber at said predetermined location. 

31. A system according to claim 9 wherein a detected 
burning at said predetermined location prior to a prede 
termined time with respect to the contraction and ex 
pansion cycle of said engine is indicative of a detonation 
in said combustion chamber and said timing modifica 
tion means retards the timing in accordance with said 
detected burning prior to said predetermined time. 

32. A system according to claim 20, wherein said 
detector detects burning of said at least a portion of said 
charge at a predetermined location in said combustion 
chamber. 

33. A system according to claim 32 wherein said 
ignition means is located at a second predetermined 
location in said combustion chamber which is spaced 
from said first-mentioned predetermined location. 

34. A system according to claim 32 wherein said 
detector communicates with said combustion chamber 
at said predetermined location. 

35. A system according to claim 20 wherein a de 
tected burning at said predetermined location prior to a 
predetermined time with respect to cyclical contraction 
and expansion of said combustion chamber is indicative 
of a detonation in said combustion chamber and said 
timing means retards the timing in accordance with said 
detected burning prior to said predetermined time. 
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